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Plain talk about 








ADDITIVES... 


..eand the better turbine oil performance 
you get with TEXACO REGAL OILS (R & 0) 





Y.. can’t make a silk purse out 


of a sow’s ear, nor a good turbine 
oil out of a poor one by the use 
of additives. Additives may “soup 
up” a poor oil temporarily, but 
the effect soon wears off. 

Texaco Regal Oils were out- 
standing turbine lubricants for many years be- 
fore rust- and oxidation-inhibiting additives 
came into use. With these additives, Texaco 
Regal Oils (R & O) are even better. Their re- 
sistance to oxidation is some 20 times greater, 
their ability to give long-lasting protection 
against rust is vastly increased. 

In addition, Texaco Regal Oils (R & O) are 
specially processed to increase their basically ex- 
cellent anti-foaming properties. All this adds up 


to a greater margin of safety for turbines. . . 








greater assurance of clean lubricating systems, 


full bearing protection, instant governor re- 
sponse... throughout an extra-long oil service 
life. 

A Texaco Lubrication Engineer will gladly 
explain in detail the specific benefits you can 
expect from the use of Texaco Regal Oils 
(R & O). Just call the nearest of the more than 
2,000 Texaco Wholesale Distributing Plants in 
the 48 States, or write The Texas Company, 135 


East 42nd Street, New York 17, N. Y. 
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TEXACO Regal Oils (R:0 


FOR ALL TURBINES 
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NEW HORIZONS of GREASE RESEARCH 


REASES Of one type or another have been — facturing procedure. Even so, during the develop- 


manufactured for hundreds of years. In fact, 
it has been indicated that lime soap materials 
were used by Egyptians as early as 1400 B.C. for 


ment stage the grease makers without the benefit of 
scientific knowledge on the subject made many 
lubricants which were quite satisfactory for lubri- 


the lubrication of chariot 
wheel axles. It is natural to 
presume that these products 
were very crude partially sa- 
ponified fatty materials. This 
prevailed for many centuries 
thereafter, for it was less 
than one hundred years ago 
that greases containing pe- 

oleum oils were known at 


During the many centuries 
hich preceded the age of 
chanization, there was but 
tle need for other than 
de fatty lubricants. There 
re no high speed opera- 
tons, and machines and 
thods of machining were 
\. ry crude. It was not, in fact, 
util the advent of the auto- 











THE TOOLS OF RESEARCH 
The increase in mechanization, speed, 
and precision in industry during recent 
years has created a demand for many 
new and specialized lubricants. To aid 
in the development of these products, 
the petroleum research scientists have 
adapted intricate scientific apparatus 
to the study of the structure of petro- 
leum lubricants. Such studies are of 
immeasurable value to the ultimate 
consumer. Through these studies the 
research scientists can furnish to the 
refinery accurate information on ingre- 
dients, additives, and manufacturing 
procedures necessary for the produc- 
tion of lubricants having the charac- 
teristics required for specific usage. 
Science is truly the hand-maiden of in- 
dustry in the successful production and 
usage of modern lubricants. 








cating the equipment used 
during that period. The 
greases of thirty years ago, 
however, would hardly do 
for conditions of today. In 
turn, the lubricants of today 
will undoubtedly be far sur- 
passed by the lubricants of 
the future. 

During the days of lower 
speeds and less complicated 
machinery, grease making 
was strictly an art. It re- 
mained so for many years 
largely because of the com- 
plexity of the materials being 
used, the inclination of 
grease makers to guard their 
secrets, and the reluctance of 
institutions and refiners to 
spend large sums for funda- 








r obile that afty great demand for special greases 
a ose. And even then there was a long period during 
Wich only “rule of thumb” and “trial and error” 
1 -thods were used for the production of such lubri- 
cits. Only during comparatively recent years has 
te.carch become a part of the evaluating and manu- 
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mental research on other than the items of major 
importance such as gasoline and lubricating oils. 
In recent years that situation has changed. Because 
of greater and greater precision and higher and 
higher speeds, the need for specialized greases has 
grown tremendously, To supply these greases re- 
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Figure 1 — Left — Showing a permanent magnet-type electron microscope. The permanent magnets energize 
the magnetic fields that focus the beam of eiectrons used in place of light. 


Right — Showing a universal model consol-type RCA electron microscope. 


search has been necessary. Every large petroleum 
company now carries out a considerable program of 
grease research and expends considerable sums of 
money to develop lubricants suited to the needs of 
increasingly complex and demanding machinery. 


Despite the increased emphasis on lubricants 
research, there are many problems which have re- 
mained unsolved. This is due in large measure to 
the lack of knowledge of the true fundamental 
nature of the soap-oil systems of which greases 
are formed. Results of changes in the systems could 
be evaluated and much knowledge has been gained 
on how to produce certain effects, but knowledge 
as to the causes of the effects has been difficult to 
obtain, largely because of the scarcity of tools 
available for such work. 


Recently, new methods have been introduced to 
the field of grease research. With these new 


methods new vistas of knowledge have been 
glimpsed; new horizons of research have been 
opened for exploration. No one can predict the 
results which may ultimately be obtained, but it 
is certain that many advancements will be made in 
the field during the next decade. 
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Seeing the Unseeable 

One of the greatest difficulties with grease re- 
search has been a lack of definite knowledge as to 
the true nature of the structure in the soap-oil 
system. It has been known for many years that 
these systems are highly complex, but there has 
been no Way to see the actual structure of greases 
Simple visual observation indicates that there is a 
considerable difference in the texture of various 
greases, ranging all the way from buttery products 
with no semblance of fiber structure to the extreme 
ly fibrous sodium soap greases. 

Visual observation is not enough, however, + 
enable conclusion as to the nature of the soap struc 
ture in a given grease. More powerful tools ar 
necessary. The most recent device for this work 
is the electron microscope. 

Man is by nature, curious. He wants to see what 
is going on in the world about him. Early attempts 
were quite feeble in this respect but after tl 
discoveries of Anton van Leeuwenhoek in tl 
seventeenth century on the grinding of lenses, 
microscopes were gradually perfected which et 
abled the visualization of particles much smaller 
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Figure 2 — Electron micrograph of a sample of cup grease. 


than can be seen with the unaided eye. But light 
microscopes have definite theoretical limits beyond 
which it is impossible to go. Even with the best 
microscopes, therefore, little was learned of the 
soap structure of greases because of the extremely 
small particle size involved. Progress in this field 
was temporarily halted therefore, until a device 
could be developed which would enable man to 
see’ even smaller particles. 

In recent years, the electron microscope has been 
developed. This device uses a stream of electrons 
particles) 1n- 
stead of a light source, and magnetic fields are used 
to focus the electron beams in place of lenses as 


(extremely small electrically charged 





Figure 3 — Another type of grease structure. 


in the case of the light mic roscope. With the elec- 
tron microscope very small particles indeed can be 
yhotographed. As an aid to visualizing the ex- 
remely small size of objects distinguishable with 
the electron microscope, imagine for a moment that 
the smallest particle visible to the electron micro- 
scope were the size of the circle shown here 

Then the smallest particle which can be © 
distinguished with the most high pow ered ordinary 
microscope would be almost three feet across; and 
the smallest particle distinguishable to the human 


1 
} 
I 
+ 
A 


eye would be about as large as an average city 
block! Using this analogy in reverse, if a city block 
ould be reduced till it was so small that it could 





Figures 4 and 5 — Contrast these electron micrograph types of grease structure with Figures 2 and 3. 
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Figure 6 — Bausch and Lomb medium quartz spectrograph equipment in use. 


be barely seen, then a light microscope could pick 
out a card table set on the original city block, 
and the electron microscope could pick out a small 
marble on this card table. With such equipment it 
has been found possible at last to determine the 
shape and configuration of the soap fibers in vari- 
ous types of greases. Photographs of an electron 
microscope are shown in Figure 1. 

When greases are examined with the electron 
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microscope, a whole new vista is opened. Cup 
greases, for example, have been considered for 
years as buttery, nonfibrous greases. An electron 
micrograph of a sample of cup grease is shown, 
however, in Figure 2. It can be seen that the soap 
in cup grease is, in fact, fibrous, with the small 
individual fibers coiling about each other like a 
twisted rope. Experiments have shown that the 
amount of twist of the fibers is very definitely 
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Figure 7 — Typical spectroscopic patterns. 
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Courtesy of International Business Machines Corporation 


Figure 8 — IBM electronic calculating punch. 


related to the extent of stirring during the manu- 
facture. By means of this instrument, therefore, it 
may be possible eventually to correlate and control 
many of the variables of manufacture of various 
greases. This has not yet been possible, but may 
be a future result. It is one of the unexplored ave- 
nues of research. 

Many different types of soap structure are found 
in different types of greases as illustrated in Figures 

i and 5. 

The application of the electron microscope to 
lubricants research is still in the very early stages 
of growth. As with any new scientific tool difh- 
culties have been experienced; new techniques for 
handling very small samples must be developed; 
id because the information being obtained is new, 

sufficient backlog of data must be accumulated 
before it can be properly interpreted. As time goes 
by, however, it may be anticipated that much in- 
formation of real value will be obtained which 
will lead to a true understanding of the nature of 


&'CASCS. 


The Language of the Atoms 
\lthough the particles of matter discussed in the 


preceding section are exceedingly small, there are 
yet smaller particles which are of great importance 
in the field of research. These are the atoms them- 
selves. All material is made up of atoms which 
join together in various combinations to form 
molecules. Large groups of molecules form the par- 
ticles discussed above. As powerful as the electron 
microscope is, the smallest particle which it can 
“see” is still a hundred times larger than an atom. 
Because the atoms are the fundamental building 
blocks of materials, however, it is very often nec- 
essary to know what kinds of atoms and molecules 
are present. Older methods for determining the 
presence of various compounds were often long 
and tedious; methods are now available to make the 
atoms announce themselves. 


Atoms are made up of a central nucleus, in which 
is concentrated almost all of the weight, surrounded 
by electrons which travel in well defined orbits 
about the nucleus, much as the planets rotate about 
the sun. When the electrons are acted on by some 
external source of energy they may change their 
orbits, within definitely prescribed limits. When 
electrons change their orbits, light rays are given 


c 


off; each different element emitting rays of definite 
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Figure 9 —A Bausch and Lomb research metallograph. 


and distinctive wave length. 

Practically everyone has at one time or another 
witnessed the colors of the spectrum which appear 
when sunlight is allowed to pass through a prism. 
The same effect is observed, of course, in the rain- 
bow. The different colors are produced by light of 
different wave lengths. This is the principle of 
operation of the spectroscope. The light given off 
by the excited atoms is fassed through equipment 
which separates the various wave lengths, and since 
each type of atom has its own distinctive wave 
length, a definite pattern of lines appears. Hun- 
dreds of patterns have now been identified and 


cataloged so that a great many substances — both 
elements and compounds - 
identified by the spectroscopic pattern. Further, the 


can now be positively 


relative amounts of various materials can often be 
determined by the intensity of the pattern. 
The ability to ascertain the presence, or absence, 


of certain chemical elements or compounds quickly 
and in very small quantities of greases will be a 


great aid in grease research. Here again the u! 
mate value of such equipment is difficult to imag 
at the present time. It will undoubtedly be of in- 
creasing value as time goes by. 


c 
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Something New in Arithmetic 

The study of numbers and their relationships is 
very old indeed, and it seems hard to believe that 
anything new along this line could still be dis- 
covered. Progress is being made, however, even 
here, particularly in the means for applying some 
of the known relationships to research. 

In a great deal of research work on greases and 
oils it is necessary to use methods of preparation 
and methods of testing which may be influenced 
by a great many variables. A single determination 
of a value is frequently very questionable. But even 
after many determinations, questions arise as to the 
true value. Often a simple arithmetic average is not 
the correct answer. It is like trying to determine 
the exact distance between two marks a consider- 
able distance apart with a one-foot ruler. After 
numerous measurements, it will be found that many 
of the values obtained are very close together. Oc- 
casional other values may be quite a little differ- 
ent. The question then arises as to which of the 
values, if any, should be excluded in averaging the 
results obtained. The decision as to which values 
to accept and which to reject may be made on the 
basis of statistical analysis. Also, it is possible to 
determine from a large set of data, relating to a 
specific test, for example, which changes in values 
are significant and which are due only to variations 
in the test itself. 

The principles of statistical analysis have been 
known for many years, but in many cases the math- 
ematical calculations involved are so time consum- 







ing that application of the methods has not been 
practical. This difficulty has been overcome to a 
great extent recently, however, by the development 
of mechanical and electronic calculators which are 
more than human in their handling of numbers. 
Calculations which once took hours or days can 
now be handled in a matter of minutes, mechani- 
cally and accurately. 

Data can be sorted and correlated in a variety of 
ways very quickly. This is another example of pro- 
gress in the line of equipment and in methods 
which will have a considerable bearing on research. 
New Ways to Service 

In addition to some of the equipment which 
provides new methods of attack on problems of 
grease research as such, there have also been ad- 
vances in special equipment which are of primary 
benefit in providing services to customers, but 
which also will aid materially in lubricants research. 
Typical of such equipment is the metallographic 
microscope. This microscope differs from ordinary 
microscopes in that it is designed primarily for the 
examination of opaque surfaces, particularly metal- 
lic surfaces, whereas the usual instrument depends 
on transmitted light. 

Such equipment is of considerable value in serv- 
ice. An instance in which the microscope proved 
to be a facile tool was in diagnosing the cause of a 
recurring series of bearing-to-journal seizures on a 
heavily loaded grease pressure lubricated roll neck 
bearing in a rolling mill. While a theoretical analysis 
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Figure 10 — Showing cross-section through a region of seizure of a bearing. 
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of the geometry of the running bearing (consider- 
ing speed, load, size, and feed rate and body of the 
lubricant) indicated the installation should function 
satisfactorily, nevertheless, seizures were occurring. 

Representative samples of the grease from a 
failed bearing, and a portion of the bearing metal 
itself, were submitted for microscopic examination. 
Two factors contributing to failure were detected. 

The grease contained many particles of black, 
hard, mineral-like material recognized as fly-ash 
from the concern’s power plant. On this point a 
subsequent investigation disclosed the fact that the 
grease hoppers supplying the lubricators were left 
uncovered and an abrasive ash from the near-by 
powerhouse gained ready access to the lubricant. In 
thin film lubrication, the presence of hard solids 
can disrupt the hydrodynamic film and thereby en- 
courage metal-to-metal contact which, ultimately, 
can result in shaft seizure. 


Examination of one of the seized bearings also 
contributed some vital information. Figure 10 rep- 
resents a cross-section through a region of seizure: 
the lower, fine grained material is the steel shaft; 
the upper, lighter-colored portion is the bearing 
bronze. Whereas a lubricating grease film had once 
existed between these two regions which, under the 
magnification shown (50X), would be essentially 
flat, the steel and bronze now were intimately locked 


together by the severe welding when lubrication 
was destroyed. 
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A higher magnification of the bearing alloy is 
shown in Figure (11) where the grey background 
material is essentially a homogeneous solid solution 
of copper, tin and zinc. The white globules and 
crosses were found to be iron, considerably harder 
than the bearing metal itself. 


It is obvious that such a bearing material con- 
taining particles of the same degree of hardness as 
the mating journal would set up a very difficult 
lubrication problem, especially under the heavy 
loads and low speeds associated with rolling mill 
operation. In this particular instance, normal mill 
operation was restored by the substitution of a clean, 
leaded bronze bearing material and by providing a 
means of prohibiting the entrance of fly-ash into 
the lubricator. 


Future Research 


Although only a few of the newer implements 
for research have been reviewed here, it can read- 
ily be seen that activity in this field is very great. 
As time goes on, more and more specialized equip- 
ment will become available; and more and more 
will become known of the mysteries and intracacies 
of the fundamental nature of lubricants which have 
so long impeded the forward progress in this field. 
The horizons of grease research are indeed expand- 
ing and without question future research will yield 
much to enhance our present storehouse of knowl- 
edge. 
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run over a year on their original fills of Texaco 


CONSUMPTION, eee 
This 74% saving in hydraulic oil consumption 


is only one of the advantages this plant gains 

REDUCED y by its change to Texaco Regal Oils (R & O). 
Others are smoother hydraulic operation, longer 
pump life, less machine downtime, lower main- 
tenance costs. 

Texaco Regal Oils (R G O) are highly refined 
turbine-grade oils inhibited against rust and 
oxidation and processed to prevent foaming. 
They are approved by leading hydraulic manu- 
facturers, many of whom ship their units already 
charged with these outstanding oils. 

A Texaco Lubrication Engineer will gladly 
A large midwestern plant is making this help you make important savings in your plant. 
saving on some eighty rest son operated Just call the nearest of the more than 2,000 
grinders, many of them used for grinding ball Texaco Wholesale Distributing Plants in the 48 
bearing races. With the exception of small States, or write The Texas Company, 135 East 
amounts of make-up, some of the machines have 42nd Street, New York 17, N. Y. 


*Name of this Texaco user on request 


THE TEXAS COMPANY ° TEXACO PRODUCTS ° DIVISION OFFICES 
ATLANTA 1, GA., 860 W. Peachtree St., N.W HOUSTON 1, TEX...... 720 San Jacinto Street 





BOSTON 17, MASS...... 20 Providence Street INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
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BUTTE, MONT........ 220 North Alaska Street MINNEAPOLIS 2, MINN...... 300 Baker Bldg. 
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DALLAS 2, TEXK......0:5.: 311 South Akard Street NEW YORK 17, NN. Y.....205 East 42nd Street 

Oieiven 3, GONG... ......553 910 16th Street NORFOLK 1, VA... . Olney Rd. & Granby Street 
SEATTLE 11, WASH........ 1511 Third Avenue 


Texaco Petroleum Products are manufactured and distributed in Canada by McColl-Frontenac Oil Company Limited. 

















